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Leishmaniasis currently threatens approximately 350 million people in 88 countries
around the world, with about 2 million affected annually (Mishra et al., 2009) .
Leishmania donovani is the causative agent of visceral leishmaniasis (Kala-azar), which is considered as the most severe form of leishmaniasis (Rocha et al., 2005) .
Plasmodium falciparum is the predominant species causing malaria in Africa, Haiti, New Guinea, Southeast Asia, South America and Oceania (Krause, 2007) , and kills over one million people annually (WHO, 2006) . Current chemotherapeutics for these diseases have some drawbacks such as serious adverse effects, requirement of long treatment regimes as well as the emergence of drug resistant parasites. Thus, discovery of new, safe and effective antiprotozoal drugs is becoming a pressing need.
The genus Melampyrum (formerly Scrophulariaceae sensu lato, now Orobanchaceae) consists of annual semi-parasitic plants and is represented by two species, M. arvense and M. pratense in the flora of Turkey (Hedge, 1978) . Iridoid glucosides were reported to be the chief chemical constitutes of M. arvense. (Damtoft 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 In the continuation of our efforts to find natural antiprotozoal lead compounds from Turkish plants (Kirmizibekmez et al., 2004; Tasdemir et al., 2005) we now report in vitro antimalarial, trypanocidal, leishmanicidal and cytotoxic activities of the crude methanolic extract and its subextracts of M. arvense, as well as the constituents of those extracts. 100 mL) and yielded compounds 10 (13 mg) and 9 (6 mg). Purification of fraction H 6 to obtain 6 (2 mg) and 7 (3 mg). The CHCl 3 extract (3.25 g) was fractionated over a SiO 2 (90 g) column (n-hexane-acetone, 90:10 to 10:90 with increasing 10% of acetone, each 200 mL) to give nine fractions, 1-9. Fraction 3 (164 mg) was applied onto a SiO 2 (20 g) column (n-hexane-acetone, 90:10 and 85:15, each 100 mL) to yield 11 (3 mg).
MATERIAL AND METHODS

General
The fatty acid mixture (12, 4 mg) was obtained from fraction 4 (77 mg) by using Sephadex LH-20 (20 g) CC (MeOH, 200 mL). In vitro assay for Plasmodium falciparum. In vitro activity against erythrocytic stages of P. falciparum was determined by a modified [ 3 H]-hypoxanthine incorporation assay, using the chloroquine-and pyrimethamine-resistant K1 strain and the standard drug FBS and 2 mM l-glutamine. After 24 h the medium was removed and replaced by 100 µl per well containing 5000 trypomastigote forms of T. cruzi Tulahuen strain C2C4
GC-MS analysis of 12 and the
containing the β-galactosidase (Lac Z) gene. After 48 h, the medium was removed from the wells and replaced by 100 µl fresh medium with or without a serial drug dilution of seven 3-fold dilution steps covering a range from 90 to 0.123 µg/ml. After 96 h of incubation the plates were inspected under an inverted microscope to assure growth of the controls and sterility. Then the substrate CPRG/Nonidet (50 µl) was added to all wells. A color reaction developed within 2-6 h and could be read photometrically at 540 nm. Data were transferred into the graphic programme Softmax Pro (Molecular Devices), which calculated IC 50 values. Benznidazole was the standard drug used.
In vitro assay for Leishmania donovani. Amastigotes of L. donovani strain MHOM/ET/67/L82 were grown in axenic culture at 37 °C in SM medium at pH 5.4
supplemented with 10% heat-inactivated fetal bovine serum under an atmosphere of 5% CO 2 in air. One hundred microlitres of culture medium with 10 5 amastigotes from axenic culture with or without a serial drug dilution were seeded in 96-well microtitre plates. Serial drug dilutions covering a range from 90 to 0.123 µg/ml were prepared.
After 72 h of incubation the plates were inspected under an inverted microscope to assure growth of the controls and sterile conditions. Alamar Blue (10 µl; 12.5 mg conditions. Alamar Blue (10 µl, 12.5 mg resazurin dissolved in 100 ml double-distilled water) was then added to each well and the plates incubated for another 2 h. Then the plates were read with a Spectramax Gemini XS microplate fluorometer using an excitation wavelength of 536 nm and an emission wavelength of 588 nm. Data were analysed using the microplate reader software Softmax Pro. Podophyllotoxin was the standard drug used. (Chaudhuri et al., 1981) , mussaenoside (3) (El-Naggar and Beal, 1980), mussaenosidic acid (4), 8-epi-loganin (5) (Boros and Stermitz 1990) , flavonoids apigenin (6), luteolin (7), luteolin 7-O-β-glucopyranoside (8) (Markham and Chari, 1982) , a lignan glycoside, dehydrodiconiferyl alcohol 9-O-β-glucopyranoside (9) (Arens et al., 1985) , an aromatic acid, benzoic acid (10) by comparison of their spectroscopic data (1D and 2D NMR, ESIMS and [α] D ) with those published in the literature. As displayed in Table 1 , the CHCl 3 subextract was more active against all parasitic protozoa than the H 2 O extract.
The highest bioactivity was tracked to fractions 3 and 4 obtained by a SiO 2 column chromatography of the CHCl 3 extract. Fraction 3 yielded the common phytosterol, β-sitosterol (11) whose structure was elucidated by comparison with published data (Kojima et al., 1990) . Fraction 4 yielded a subfraction (12), which appeared to be a fatty acid mixture by 1 H NMR, and its exact composition was identified by GC-MS after methylation (Table 2) . Only seven fatty acids (FAs) were detected in 12, with palmitic acid (16:0) and linolenic acid (18:3) being the most major ones (both at 37% relative abundance). These results prompted us to elucidate the fatty acid composition of the Melampyrum arvense extracts, subextracts and the metabolites isolated from them. All purified compounds, but 3 (mussaenoside), which was inactive in all assays, exhibited moderate trypanocidal activities against T. b. rhodesiense. Luteolin (7) appeared to be most potent trypanocidal compound with an IC 50 value of 3.8 µg/ml and was followed by apigenin (6, IC 50 of 14.0 µg/ml). Luteolin 7-O-β-glucopyranoside (8) (6) and luteolin (7), as well as β-sitosterol (11) and 12 exhibited some weak growth inhibitory effect against the American trypanosome, T. cruzi (IC 50 values of 31.9, 17.0, 35.4 and 24.2 µg/ml, respectively). With the exception of the iridoid glycosides 1 and 3, all compounds also exerted leishmanicidal effects. The flavonoids showed the highest activity with luteolin (7) being the most potent (IC 50 of 3.0 µg/ml). Apigenin (6) and luteolin 7-O-β-glucopyranoside (8) appeared to be equipotent (IC 50 values of 7.5 and 7.0 µg/ml). The components of the CHCl 3 extract, i.e. the fatty acid mixture (12) and phytosterol (11) also showed weak antileishmanial activities (IC 50 values of 10 and 27.8 µg/ml). All iridoids (1-5), plus the compounds 9 and 10 failed to arrest the growth of drug-resistant P. falciparum cultures at the highest test concentrations (20 µg/ml). The flavonoids 6-8 and both 11-12 however showed significant antiplasmodial effects (IC 50 values of 15.5, 4.2, 2.9, 3.6 and 4.9 µg/ml), with luteolin 7-O-β-glucopyranoside (8) .9 µg/ml, respectively).
In conclusion, this is the first detailed phytochemical study on Turkish M.
arvense and the first report of the antiprotozoal effect of a member of the genus Melampyrum and its constituents. In comparison to the reference compounds used in the assays, the biological activity of the Melampyrum isolates are low. However, their low toxicity may still render them promising lead compounds for future studies. Among the isolated compounds, the lignan glycoside dehydrodiconiferyl alcohol 9-O-β-glucopyranoside (9), benzoic acid (10) and the common phytosterol, β-sitosterol (11) are being reported for the first time from the genus Melampyrum. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
